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ABSTRACT
Phenomena that involve the settling of participates in a host fluid are 
encountered in many practical systems which find applications in many 
areas of industry. A numerical model has been developed to simulate the 
settlement of non-flocculated and flocculated particulate suspensions in 
batch sedimentation. The non flocculated mode of the model is extended 
to predict the performance of a continuous gravity thickener.
The various particle species within the particulate suspension are 
represented as separate phases with distinct concentrations and 
velocities. A multiphase representation of the settling process gives 
greater detail of the interactions present between the particulates. 
The build up of the sediment as well as a prediction of the compression 
point, for flocculated suspensions, is modelled using a revised version 
of packing theory. The build up of floes in the free settling region is 
incorporated via population balances.
Also, as well as the above theoretical work, experimentwal work has been 
undertaken to obtain data for non-flocculated suspensions. For batch 
sedimentation this data is in the form of density profiles and for the 
continuous thickener it is in the form of concentration profiles. The 
proposed model compares favourably with this experimental data and gives 
closer predictions than does a model representing the state of the art, 
at this point in time, for non-flocculated batch sedimentation.
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1.1 Sedimentation and Thickening
Solid-liquid separation has ^widespread applications in the industrial 
world. Examples of some processes which involve solid-liquid separation 
are: -
1) Sedimentation and thickening.
2) Centrifugation.
3) Hydrocyclones.
4) Flotation.
All the above processes involve the movement of solids and liquid due to 
an applied force acting on these phases. The process of importance with 
regards to this thesis is "Sedimentation and Thickening". Sedimentation 
involves the movement of particulates in a host fluid due to the action 
of gravity. Thickening involves sedimentation and compaction taking 
place in a large circular tank containing a particulate slurry. The 
compaction occurs in the sediment region, at the base of the tank, which 
may be compressible or incompressible depending on the nature of the 
particulate slurry. To increase the rate of thickening and to enable 
very fine particulates to settle, flocculants are used. Flocculants are 
chemicals which break down the repulsive forces between particles and 
build bridges linking the particles. This enables particles to 
agglomerate and settle as larger masses known as floes. Thickening is a 
favoured method of large scale dewatering because of its cost and 
simplicity. The main design requirement of a thickener is its surface 
area, this must be large enough to enable solids throughput so that 
solids do not build up in the thickener and, hence, appear in the 
overflow. To enable greater compaction of the sediment, depth is also 
said to be important. Over the last ten years major advances have taken 
place in this field which include; improvements in synthetic
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flocculants, better thickener designs and a greater understanding of the 
principles involved.
1.2 Literature Review
There have been numerous experimental and theoretical investigations 
into the sedimentation of particles in a fluid. The first analysis was 
by Stokes (1851) who observed the rate of fall of a single spherical 
particle in a quiescent Newtonian fluid at low Reynolds number which led 
to his well-known law:
where Ut is the terminal velocity of a sphere, d its diameter, ps 
its density, pf the fluid density, Mf the fluid viscosity and g 
the gravitational constant. For solid concentrations, by volume, above 
1* the average settling velocity of the monodispersed suspension will be 
noticeably lower than that predicted by equation (1.1). This is due to 
a phenomena known as hindered settling. This effect is incorporated by 
multiplying equation (1.1) by a hindered settling function to give the 
solids velocity. Two of the most widely used empirical functions are 
those by Richardson and Zaki (1954) and Barnea (1973). Richardson and 
Zaki proposed the following correlation between ju-j. and solids 
velocity, Us ;
* = (l-S) n (1.2)
where S is solids concentration and n is a value dependent on 
Reynolds number. Barnea (1973) gave the following explanation for 
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1) HYDROSTATIC EFFECT: The suspension density is greater than that of 
the fluid alone and consequently the buoyancy force is greater. 
Therefore the suspension density should be used in equation (1.1.) 
instead of the fluid density.
2) MOMENTUM TRANSFER EFFECT: The presence of other particles effects 
the transfer of momentum between each particle and the fluid. This 
effect is related to the "apparent" bulk viscosity of the suspension.
Barnea (1973) related solids velocity and terminal velocity using the 
above effects. The momentum transfer effect is incorporated by using a 
relationship between suspension and fluid viscosities.
The majority of particulate mixtures are not monodispersed as they 
contain particles of different sizes, density and shape. These 
polydispersed mixtures have been modelled by Lockett and Al-Habbooby 
(1973, 1974) who carried out experiments on binary particulate mixtures. 
They used the monodispersed Richardson and Zaki (1954) correlation to 
predict the solids velocity of each phase where the total particle 
concentration is used to correct the terminal velocity of each phase as 
predicted by equation (1.1). Mirza and Richardson (1979) extended the 
Lockett and Al-Habbooby model to predict the sedimentation of multisized 
particle systems. They compared their model predictions with 
experimental results in the form of velocity against voidage plots. As 
with the Lockett and Al-Habbooby comparisons they found that the model 
overpredicted sedimentation velocities. To remedy this effect they 
applied a correction factor of (voidage) 0 ' 4 to the velocities, this gave 
satisfactory comparisons with their experimental results. In a similar 
study Selira et al (1983) proposed that the Stokes velocity of phase i, 
say, should be modified by replacing the fluid density in equation (1.1)
- 5 -
by the average density of a suspension consisting of fluid and particles 
of size smaller than i. Obviously this is only valid for multisized 
systems but Selim obtained good comparisons between his experimental 
results and model predictions. For a polydisperse system the settling 
of the suspension will result in the formation of distinct zones. The 
lowest zone just above the sediment containing all particulate phases at 
their initial concentrations, with each successive region above 
containing one fewer phase than the zone below (i.e. fastest settling 
phase. The above models use the Richardson and Zaki empirical 
correlation and mass balances to calculate, iteratively, the velocity 
and solids concentrations of each phase in each zone. In these models 
no account is taken of the sediment build up at the base. In a short 
communication Masliyah (1979) extended the governing equation for 
hindered settling to incorporate different densities as well as sizes. 
He proposed the use of the total suspension density instead of the fluid 
density in the buoyancy term and suggested the use of the Richardson and 
Zaki (1954) or the Barnea (1973) correlations for the momentum transfer 
effects. Unfortunately no detailed comparisons with experimental data 
was made but the use of the suspension density instead of the fluid 
density is obviously a correct assumption. This has been a debating 
point in the literature for many years but its obvious that the buoyancy 
is not caused by the density difference between the suspended particles 
and surrounding fluid, but is the result of the imbalance between the 
pressures exerted on each of the settling units by the fluid, which is a 
verticle hydraulic pressure gradient. In a suspension this gradient is 
determined by the suspension density and not by the fluid density. The 
effect of buoyancy is less than that of structure which is determined 
essentially by the suspension viscosity. Barnea (1973) gave a detailed 
review of suspension viscosity models and also proposed his own which is 
used in this thesis.
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The design of thickeners is based on calculating the unit area. This is 
the surface area of a thickener required to handle unit weight of solids 
in unit time, or simply the area per unit throughout required to give a 
specified dewatering. The principle investigators into thickener design 
were Coe and Clevenger (1916). The objective of their work was to 
present a method to calculate the area of a thickener from batch 
sedimentation tests. This test consists of filling a glass tube with 
slurry at known concentration and letting the solids settle. For steady 
state continuous thickening Coe and Clevenger derived the following 
formula:
G = l l (1.3) 
S " Su
where G is the solids handling capacity or the flux of solids moving 
towards the underflow, S is the solids concentration of a batch test, 
U its settling velocity and Su is the solids concentration at the 
thickener underflow. The method requires that pulps of various 
concentrations between the thickener feed and underflow be prepared as 
batch tests in sedimenting columns. These suspensions are allowed to 
settle and the rate of fall of the supernatant/pulp interface is noted. 
Using equation (1.3) a flux against concentration plot can be 
constructed. The minimum value of flux is taken as the solids handling 
capacity of the thickener and used in the design. The thickener area 
can be calculated from this flux value, where flux is defined as 
thickener feed rate divided by surface area. This approach makes the 
following assumptions:
1) No segregation occurs.
2) Most flux limiting concentration lies in the free settling 
zone.
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3) Solids velocity is independent of concentration.
The Coe and Clevenger (1916) method held favour for nearly forty years
until Kynch (1952) produced his mathematical analysis of the batch
settling curve. Kynch based his analysis on the same assumptions as
above and concluded that concentrations would propogate upwards from the
bottom of a suspension, each at it own constant velocity equal to the
tangent of the batch-flux curve at that concentration. He further
showed that the settling velocities of higher concentrations could be
obtained from the batch settling curve of a suspension initially at a
uniform lower concentration. The batch settling curve being a plot of
supernatant/pulp interfce height against time. Talmage and Fitch (1955)
used Kynch's mathematics to estimate thickener area from a batch
settling curve. The curve is obtained from a batch test whose initial
slurry concentration is equal to that of the thickener feed. This is a
graphical technique which requires locating the compression point on the
batch settling curve and drawing a tangent to it. From this both the
limiting concentration and its settling velocity can be calculated.
Using equation (1.3) the corresponding solids handling capacity is
calculated from which the thickener area is estimated. The Talmage and
Fitch model shows a definite improvement over Coe and Clevenger in that
it is experimentally simpler with all data being obtained from one
batch settling curve. The concensus of opinion, Pearce (1977), is that
the Talmage and Fitch procedure overpredicts thickener area while the
Coe and Clevenger method underpredicts thickener area. Therefore it is
safer to use Talmage and Fitch's methods as this ensures throughput and
no presence of solids in the overflow of the thickener.
Kynch's (1952) analysis has become the basis of the solids flux theory 
of which graphical techniques based on the batch settling curve 
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and Fitch (1955)), and the batch flux curve, (Yoshioka (1957) and 
Hassett (1965)), have been proposed. The major drawback with these 
techniques is that they rely on the assumptions that solids velocity is 
a unique function of solids concentration. This certainly is not the 
case with flocculated pulps although it may be true for some 
metallurgical suspensions, Holdich (1983).
For flocculated suspensions particles collide and some agglomeration may 
occur causing floes to form. Michaels and Bolger (1962) correlated 
experimental data by means of a modified form of the Richardson and Zaki 
(1954) equation. They assumed that each floe was spherical in shape and 
that water within the floe moved with it. Based on these assumptions 
the movement of floes in the free settling region are expected to follow 
equation (1.2); but with solids concentration replaced by floe 
concentration and solids density replaced by floe density. This 
equation is valid in the free settling region but does not take into 
account floe formation and is invalid in the compression zone where 
floes lose their individual identity and become part of a compressible 
structure. In the compression region Michaels and Bolger (1962) used a 
concept similar to the Terzargi soil consolidation model to develop a 
model predicting the subsidence rate in the compression zone. They 
assume that the compressing pulp will have a resistivity and compressive
yield which are both dependent on solids concentration.
Shirato et al (1970) confirmed experimentally the assumption that solids 
pressure is dependent on solids concentration only. For permeability he 
assumed the Kozeny relationship and obtained good comparisons between 
predicted and measured concentration profiles for ferric oxide and zinc 
oxide suspensions. Kos (1974) reflected the assumption that 
permeability was a function of concentration and dynamic pressure. He
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also found that solids pressure is approximately proportional to solids 
concentration.
Gaudin and Fuerstenau (1962) carried out experiments on flocculated 
Kaolin suspension; for the compression regime they applied Poiseuilles 
law to the flow of liquid through pores in the pulp. The pores were 
considered to have a size distribution given by a Schuhmann (1940) 
distribution. This model requires knowledge of the number and sizes of 
the pores present in a pulp and is therefore difficult to apply.
Coe and Clevenger (1916) observed the subsidence rate for pulps having 
concentrations in the compression regime. They deduced that compaction 
was a function of time; a conclusion which is now known to be invalid, 
Fitch (1975). Dell and Keleghan (1973) used a cleverly designed 
pressure measuring method to show that solids velocity was not dependent 
on solids concentration for flocculated material. They found that the 
mass of material above a fixed height did not fall off linearly as 
predicted by Coe and Clevenge (1916) and Kynch (1952), but 
exponentially. Dick (1967) suggested a deviation factor from ideality, 
the retardation factor, which varies exponentially with solids 
concentration. Dick (1972) also emphasised the point that for 
compressible pulps the effects of sedimentation and compaction must be 
combined in order to understand performance.
Adorjan (1975) also assumed solids pressure and permeability to be 
dependent on solids concentration. With the assumption that no 
segregation is present and that permeability is obtained from 
compression permeability cell tests, Adorjan used his theory to predict 
thickener unit areas via numerical integration to obtain height 
concentration profiles.
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Dixon (1977, 1978) proposed the use of a force balance approach as well
as »ass balances for the fluid and particulate phases present in
non-flocculated and flocculated systems. He assumed the presence of
only one solid phase and discussed the forces present in the system. He
concluded that: "There is no solids flux limitation associated with the
free settling zone in a continuous gravity thickener". Holdich (1983)
carried out experiments to obtain concentration profiles for the
settlement of both flocculated and non-flocculated suspensions. He used
the force balance approach proposed by Dixon to assess the relevance and
completeness of the constituent terms. He assumed no segregation to
take place and proposed an extra term known as transient solids pressure
to be present throughout the suspension. This term is introduced to
explain why concentration gradients are present in the free settling
region. Via his experimental results he concludes that the commonly
made assumption of solids pressure being dependent on solids
concentration is too simplistic.
Pitch (1983), Tiller (1981) and Concha (1987) revised the classical 
Kynch theory to be valid for compressible suspensions. Fitch and Tiller 
both propose alternative graphical procedures to obtain suspension
 
concentrations and their corresponding settling velocities. Concha 
reports that both the Fitch and Tiller revisions violate the 
fundamentals of the Kynch theory. Concha used a numerical procedure 
incorporating a solids pressure term, dependent on solids concentration, 
beyond the compression regime. Using this procedure he obtains solids 
concentrations over time throughout a batch vessel. As with all other 
authors he assumes that no segregation occurs in the free settling 
region.
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Although thickener throughput is controlled by area it is believed that 
underflow concentration is determined by thickener depth. Talmage and 
Fitch (1955) extended their graphical procedure to predict thickener 
depth needed to give a desired underflow. Pearce (1977) reports that 
this method may give unrealistic results and states the "three foot 
rule", which states that if the predicted depth is over 3ft then the 
area is increased so that the depth is equal to 3ft. This gives 
underflow concentrations closer to those predicted by the Talmage and 
Fitch (1955) compression test. This is adequate for most metallurgical 
operations but fails for flocculated suspensions and at this point in 
time no sound theory for the effects of depth has been developed, Pearce 
(1977).
As can be deduced from the above review a lot of controversy still 
exists as to the principles governing sedimentation and thickening, 
especially for compressible suspensions. Although much research has 
been undertaken the operation of a thickener remains more of an art than 
a science and there is still a need for models and techniques which can 
be used to predict thickener performance.
1.3 Aims of Research
The thickening of a particulate slurry is essentially a multiphased 
phenomena. Particles of different sizes, shapes and densities may be 
present and their rate of settlement and compaction characteristics will 
be dependent on these values. Further, the effect of flocculation will 
give rise to the formation of floes which will have distinct sizes, 
shapes and densities. The work of thickening and sedimentation, to 
date, has mostly been undertaken to investigate either the free settling 
region or the sediment region. For batch sedimentation the vast 
majority of work is based on the empirical correlations between solids
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settling velocity and solids terminal velocity. No account in these 
models is made of where the sediment interface is (i.e. the compression 
point). Also the internal structure of the sediment and the changes in 
it during sediment build up are ignored. For flocculated slurries no 
model exists which predicts floe build up in the free settling zone, it 
is always assumed that floes exist of unique size, shape and density, 
in the case of thickener design the majority of methods are graphical in 
nature and are based on the batch settling curve. Once again these 
methods do not predict sediment characteristics and are obviously 
limited in their use.
The main aim of this research is to develop a numerical model that will 
represent thickening and sedimentation in much greater detail than 
models presently used. This is achieved by breaking down the solids 
distribution in the slurry into a number of distinct phases and also 
predicting sediment build up using a revised version of packing theory. 
This model will have three modes of operation:
1) Non Flocculated Batch Sedimentation.
2) Non Flocculated Continuous Gravity Thickening.
3) Flocculated Batch Sedimentation.
The simplest type of model is for mode (1), above, where the other two 
modes are simply extensions of this model. Using the force balance 
approach where each solid phase has associated with it equations of mass 
and momentum, these extensions involve changing and adding terms to the 
basic transport equations representing each phase present in the system. 
In addition to the theoretical work, another aim of this research is to 
obtain good quality experimental data. This will enable verification of 
the proposed models. Also compared with some of the experimental data
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are predictions by the Selira (1983) model which represents one of the 
better models for batch sedimentation. This model has been extended to 
cope with multidensity as well as multisized suspensions.
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CHAPTER TWO
EXPERIMENTAL METHOD FOR NON 
FLOCCULATED BATCH SEDIMENTATION
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2.1 Introduction
Experimental work into the sedimentation of non-flocculated slurry's has 
been undertaken by a number of authors, although the amount of useful 
data especially for this study is limited. Two types of experimental 
technique can be employed:
1) Direct measurements; where the slurry has to be disturbed.
2) Indirect measurements; where data is recorded without disturbing the 
slurry.
Direct measurements involve obtaining samples throughout the vessel. 
This will enable concentrations to be calculated at different locations 
in the vessel. To understand the full settling behaviour of the slurry 
undergoing batch sedimentation the experiment must be repeated several 
times, under identical conditions, so that samples can be obtained at 
different points in time. This procedure is prone to large errors.
Indirect measurements obtain data (i.e. concentrations, velocities, 
density changes, etc) predicting the settling behaviour using devices 
that do not disturb the settling process. A major amount of the 
experimental work into sedimentation of non-flocculated slurry's has 
been to obtain the velocities at which each zone in the free settling 
region descends, see Davies (1968), Mirza (1978) and Selim (1983). This 
involves colouring each size fraction and recording the rate of fall of 
each zone (i.e. the velocity of the fastest phase present in each zone) 
throughout the experiment. Concentration profiles have also been 
obtained using electrical conductivity, see Holdich (1983). The aim of 
the following study is to use pressure transducers to obtain density 
changes during the sedimentation of a multiphase particulate mixture.
- 16 -
2.2 Apparatus used
The experimental setup, see figure 2.1, consists of a perspex tube,
eight pressure transducers, a voltmeter, a junction box and a two pen
plotter. The perspex tube, see figure 2.2, is of height 60cm and
internal diameter 5.2cm. Measuring tape is fixed to the outside of the
tube. Before the transducers could be used each was subjected to a
vacuum and soaked overnight in water. This eliminates any trapped air,
which due to its compressibility would enable the transducer to give
erroneous results. The transducers are inserted, using silicon rubber,
into holes situated at 5cm intervals from the base of the tube upwards.
The front section of each transducer just protruding into the internal
part of the tube. A voltage is applied to the circuit via a voltmeter.
The juction box acts as a connection between the voltage input,
transducers and plotter. The connections inside the junction box were
cleaned and re-soldered before being used. The plotter is able to
monitor two transducers at a time and is sensitive down to O.OOSmV with
O.SmV F.S.D. (full scale deflection).
2.3 Materials used
Four different solids and three different liquids, see table 2.2 are
used. The overall size range of each material used is:
Material Size range (a)
Glass (soda) Ballontini 20 - 100/u
Glass (lead) Ballontini 30 - 500n
Copper 30 - 70u
Quartz 150 - 250w.
Table 2.1 Size range of solids.
- 17 -
SETTLING 
COLUMN
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PRESSURE 
TRANSDUCERS
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PLOTTER
Figure 2.1 Diagram of experimental setup
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Figure Perspex tube with transducers
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The shape factor used in this analysis is given by
De
5  
DAV (2.1)
where « is the "effective volumetric" shape factor, DAV is the 
average diameter of the particles and De is the diameter of a sphere 
with volume equal to a particle of diameter DAV . Ballontini and copper 
are spherical, see figure 2.3, therefore the shape factor is 1*0. 
Quartz is an angular material and a shape factor commonly used is 0-86, 
see Cross (1985). The densities for each solid material is calculated 
using a pycnometer. This device estimates the volume of solid material 
of known mass in a cup. The density is calculated via
P-* (2.2)
where p is the density, M the mass and V the calculated volume. 
The densities calculated using the above method were very close to the 
makers quoted values and these are the values used.
The glucose solution is made up in the laboratory by adding 389.8 
grammes of sugar and 756.6 grammes of water for every litre of solution 
required. The densities of each liquid is calculated using a 50cc 
weighing bottle. The mass of liquid that fully occupies the bottle is 
calculated by:
Mass of empty bottle = 
Mass of full bottle = M2
Mass of liquid of volume 50cc = M 2 - Mj.
- 20 -
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a) Ballontini b) Copper
c) Quartz
Figure 2.3 Photomicrographs of solids used 
for batch sedimentation
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The densities are then calculated using equation 2.2. The viscosities 
are the makers quoted values. All viscosity and density values are at 
roon temperature (i.e. 20*C)
2.4 Experimental procedure
The following procedure will calculate the density changes in the 
perspex tube due to the movement of the particulates in the fluid 
particle mixture. For each transducer a linear relationship between 
pressure and voltage will exist:
P = KV + C (2.3)
where P is the pressure acting on the transducer, V is the voltage 
corresponding to this pressure and K,C are constants. The pressure 
can also be calculated using the effective hydrostatic pressure 
equation:
P = hpBg (2.4)
where h is the height of mixture above the transducer, PB the bulk 
average mixture density and g the gravity constant.
Therefore, given a suspension of uniform concentration (volume
fractions) and density throughout, the above relationships, equations
(2.3) and (2.4), can be used to find the mixture density above a
transducer at different points in time during the settlement of the 
particulates. The initial mixture density is calculated via:
NSOL
S i p i (2-5)
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Solid material
Glass (soda) Ballontini 
Glass (lead) Ballontini 
Copper 
Quartz
Density(Kg/M 3 ) 
2480 
2950 
8930 
2600
Shape factor 
1 
1 
1 
86
Liquid
Water (distilled) 
Diethylene Glycol
Glucose Solution
Density(Kg/M 3 )
1000
1115
1149
Viscosity(Kg/MS)
0.001
0.014
0.004
Table 2.2 Material Properties.
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where pf is the fluid density and PJ is the solid phase density for 
phase i. F and S^ are the volume fractions for the fluid and solid 
phases respectively. If the mass of each solid phase in the mixture is 
MJ and the volume of the fluid, calculated using a SOOcc measuring 
cylinder, is VF then the total volume of the mixture in the perspex 
tube is:
NSOL
P~ (2 ' 6)
The solid and fluid volume fractions are calculated via
Mi
   i=l... ,NSOL (2.7)PivM
F = rr (2.8)VM
Using equations (2.5), (2.6), (2.7) and (2.8) the initial density of the 
mixture is calculated. The pressure and voltage corresponding to the 
initial density are calculated using equations (2.3) and (2.4). During 
the settling process the plotter monitors the decrease in the voltage 
output from the transducer over time. Using this graphical output and 
equations (2.3) and (2.4) the decrease in the density of the mixture 
above the transducer can be calculated.
2.4.1. Calibrations
A 5v voltage is applied to the circuit via the voltmeter for the 
following calibrations as well as all experimental runs. Each pressure 
transducer is calibrated to obtain a pressure-voltage relationship.
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This involves adding distilled water to the tube and recording the 
height of water above the transducer as well as the voltage deflection 
on the plotter. The pressure after each addition of water is calculated 
using equation (2.4) where pB is the density of water. Applying 
regression analysis to the pressure, voltage data a linear relationship 
is obtained, see equation (2.3).
At this point in the analysis it was noticed that only transducers one 
and four could be measured down to an accuracy of O.OOSmv. All other 
transducers had a measured accuracy down to 0.02mv or higher. This is 
due to the voltage output being higher for all transducers except one 
and four. Therefore, to obtain a good degree of accuracy, in interpret- 
ing the graphical output, only transducers one and four could be used. 
For the experimental runs transducer one was exchanged with transducers 
two and three and recalibrated at these new positions. The pressure- 
voltage relationships are:
Transducer one:
P = 1831V - 11 (2.9)
Transducer one (at second transducer location):
P = 1831V - 11 (2.10) 
Transducer one (at third transducer location):
P = 1781V (2.11)
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Transducer four:
P = 1818V. (2.12)
2.4.2 Experimental runs
Experimental data has been obtained for a number of one, two and three 
phase experiments, see tables 2.4, 2.5 and 2.6. Each solid phase is 
obtained by sieving the solid material. The particle size representing 
each phase is taken as the mean aperture size of the two sieves used, 
see table 2.3.
Sieve sizes (M) Particle size (n) Sieves used
38 41-5 38-45
45 56-5 38-75
63 60 45-75
75 69 63-75
90 76-5 63-90
150 120 90-150
180 200 150-250
250 220 180-250
300 275 250-300
355 302-5 250-355
425 327-5 300-355
500 362-5 300-425
	462-5 425-500.
Table 2.3 Sieve and phase sizes.
ONE PHASE EXPERIMENTS
SOLID
Exp one Glass (lead)
Exp two Glass (lead)
Exp three Copper
Exp four Glass (lead)
Exp five Glass (lead)
Exp six Glass (lead)
Exp seven Glass (lead)
Exp eight Glass (lead)
Exp nine Glass (lead)
Exp ten Glass (lead)
Exp eleven Glass (lead)
DIAM(n)
120
275
56-5
275
275
275
275
76-5
76-5
76-5
220
CONC
0-078
0-078
0-0138
0-078
0-1128
0-25
0-35
0-078
0-1128
0-25
0-1
LIQUID
Glycol
Glycol
Glycol
Glycol
Glycol
Glycol
Glycol
Glycol
Glycol
Glycol
Glycol
TRANSDUCER
one
one
two
three
three
three
three
three
three
three
three
to
OJ
Table 2.4 Details for one phase experiments
TWO-PHASE EXPERIMENTS
Copper
THREE-PHASE EXPERIMENTS
CONC
00
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